INTRODUCTION
Many experimental studies have demonstrated that, through their consumption of prey, predators can have significant effects on the local structure, dynamics and diversity of rocky intertidal communities (Paine 1966 , Paine et al. 1985 , Menge et al. 1986 , Navarrete & Menge 1996 , Navarrete & Castilla 2003 . Predators not only have direct effects on prey populations and their communities by causing mortality of prey individuals, but they can also induce non-consumptive effects in the form of reversible or non-reversible phenotypical changes in prey traits, such as morphology (e.g. Lively 1986 , Appleton & Palmer 1988 , Caro & Castilla 2004 , Caro et al. 2008 , growth (Peckarsky et al. 1993 , Yamada et al. 1998 , and behavior (Harrold 1982 , Côté & Jelnikar 1999 , Espoz & Castilla 2000 , Trussell et al. 2006 , and see Havel 1987 , Stearns 1989 , Harvell 1990 , Lima 1998 and Miner et al. 2005 for reviews). Indeed, several authors have argued that non-consumptive effects of predation might be equally or even more important than consumptive effects on prey distribution, prey growth rates and even on population abundance and community dynamics (Werner et al. ABSTRACT: Escape responses are a common form of inducible defense in the presence of a predator, which can be species-specific and adaptive. While conditions for their evolution have been amply investigated, little is known about variability in prey responses over the range of variation in predation risks typical of most systems. We characterized escape responses of 4 intertidal grazers (2 chitons, 2 fissurellid limpets) to the sunstar Heliaster helianthus. Comparisons were made among sites of apparently distinct predation risks: high risk, where the grazers constitute a significant portion of H. helianthus diet; moderate risk, where H. helianthus primarily consume preferred mussel prey; no risk of predation, where prey exist beyond the southern geographic limit of H. helianthus. Prey responses were highly specific to the H. helianthus stimulus. Escape responses differed among grazer species, but these differences did not correspond to taxonomic relatedness, nor to their intertidal vertical distribution. No differences in escape responses were observed between sites where H. helianthus exhibit different diets, suggesting that these grazer species cannot 'perceive' and/or respond to this apparent change in predation risk. In contrast, a greater proportion of individuals of all 4 species responded to the H. helianthus cue, predator recognition was significantly faster, and distance traveled after stimulation was greater at sites of predator-prey coexistence than at the site beyond the predator's geographic range. Thus, longer contact history with the predator appears to favor greater capacity to display escape responses in all species examined. We highlight the importance of evaluating phenotypic responses to predators under natural conditions and across natural gradients of predation risks.
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Plastic responses of prey can be adaptive when they are effective in reducing the risk or probability of being eaten, and the response or reaction norm is inheritable (Stearns 1989 , Miner et al. 2005 . Typically, predation risks can be reduced through: (1) reducing the probability of encounter with the predator, which is called 'avoidance', or (2) reducing the probability of prey death during an encounter, which in mobile prey usually takes the form of an 'escape response' (Vermeij 1982 , Sih 1984 , Miner et al. 2005 . Effective escape responses require the ability to detect and respond to predators before an actual attack, usually through the perception of visual, chemical, and/or tactile cues (Sih 1997 , Trussell et al. 2006 . In marine systems, escape responses are a widespread and often effective strategy to reduce attacks by comparatively slow-moving benthic predators (Schmitt 1981 , Harrold 1982 , Vermeij 1982 , Espoz & Castilla 2000 , Miner et al. 2005 .
The conditions for the evolution of inducible defenses have been amply investigated, but our understanding of variability of these responses, particularly over geographic scales, is still poor (Sanford et al. 2003 , Kishida et al. 2007 , Long & Trussell 2007 ). In the case of predators and their prey, although they typically coexist along large portions of their geographic ranges, often there are areas (e.g. islands) or portions of the geographic range where prey are free of the predator species that elicit a particular and specific phenotypic response (Trussell 2000 , Sanford et al. 2003 , Kishida et al. 2007 . At sites where predators are naturally absent for extended periods of time, local populations of prey are relieved from the pressure exerted by predation and thus they do not experience the corresponding predatory cues. The fixation and specificity of the antipredator behaviors may be diminished at these sites, especially when the development of the anti-predator responses is associated with high direct or indirect energetic costs (Lima & Dill 1990 , Lima 1998 , Blumstein & Daniel 2005 . For instance, larval populations of the salamander Ambystoma barbouri showed a significant inverse relationship between the frequency of heritable anti-predator behavior and the level of isolation from their main predators (Storfer & Sih 1998) . Similarly, Kishida et al. (2007) showed that isolation of Rana pirica tadpoles on islands without predators leads to a lower capacity to express genetically controlled inducible defenses. In addition, local variability in predator traits such as feeding behavior or diet has also been shown to induce variability in prey escape responses in freshwater organisms (Laurila et al. 1997 , Sullivan et al. 2004 ). Thus, in some systems it appears that prey can assess predation risk, based not only on the presence of or encounter rates with the predator, but also on the existence of other prey species, which can alter the risks of being eaten.
In coastal marine systems, where many species of predators and their prey have planktonic life stages and the dispersal of larvae is regulated not only by biological factors, but also by oceanographic features (Roughgarden et al. 1988 , Eckman 1996 , Wieters et al. 2008 , uncertainty about predation risk at a new site can be very high. Therefore, inducible prey responses and the ability to recognize predator species as a mortality risk can represent important evolutionary advantages in these systems. Here we evaluate the regional variability in prey responses of 4 intertidal mollusks to their main predator, the sunstar Heliaster helianthus. Experiments were conducted under different scenarios of predator-prey coexistence, at 3 sites with distinct predation risks: high risk, where the molluskan grazers constitute a significant portion of H. helianthus diet; moderate risk, where predator and prey coexist, but H. helianthus primarily consume preferred, alternate prey; and no risk from this predator, where prey exist beyond the southern geographic range limit of H. helianthus.
The predator-prey system
The sunstar Heliaster helianthus is the most conspicuous intertidal predator in the SE Pacific, from 2°N in Ecuador to around 35°S in central Chile. At many sites in central Chile, this species plays a key role in the structure of intertidal communities by controlling the abundance of the competitively dominant mussel Perumytilus purpuratus (Paine et al. 1985 , Navarrete & Castilla 2003 ). Although mussels are preferred prey, the diet of H. helianthus also includes a wide variety of sessile and mobile species, including barnacles, tunicates, limpets, sea urchins, snails and chitons (Castilla 1981 , Paine et al. 1985 , Tokeshi et al. 1989 , Navarret & Manzur 2008 . At sites where mussels and barnacles are scarce, limpets and chitons become the main food source for H. helianthus (Navarrete & Manzur 2008 , Barahona & Navarrete 2010 . In the present study, we focus on 4 species of molluskan grazers; the keyhole limpets Fissurella limbata and F. crassa, which occupy the low-and mid-intertidal zones, respectively, from 10°S to 42°S (Oliva & Castilla 1992) , and the chitons Acanthopleura echinata and Chiton granosus, which are abundant in the low-and mid-intertidal zones, respectively, from 15°S to 55°S (Otaíza & Santelices 1985 , Rivadeneira et al. 2002 , Aguilera & Navarrete 2007 . Since the density of the predator is consistently higher in the low-than in the mid-intertidal zone (Navarrete & Manzur 2008) , higher predator-prey encounter rates are expected on the low shore. Therefore, low-shore prey species could exhibit stronger, more widespread escape responses, regardless of taxonomic identity.
Although the biogeographical range of Heliaster helianthus overlaps substantially with these common grazers, the range of these prey extends more than 700 km south of the range limit of H. helianthus (Fig. 1) . In this southern region, no other intertidal seastars play the strong predatory role of H. helianthus (Castilla 1981 , Castilla & Paine 1987 . The selection of these species allowed us to compare responses among closely and distantly related mollusk species (fissurellids, chitons), among species occupying the low-and the mid-intertidal zones, among sites with distinct predation risk scenarios, and between sites of coexistence with and sites of isolation from the predator.
MATERIALS AND METHODS
Specificity of grazer escape responses. All trials simulating predator-prey encounters were conducted in the field. In order to characterize behavioral escape responses and evaluate the specificity in the response to Heliaster helianthus, we simulated encounters between the predator and the 4 grazer species (Acanthopleura echinata, Chiton granosus, Fissurella crassa and F. limbata) on the rocky shore of the Estación Costera de Investigaciones Marinas (ECIM) at Las Cruces in central Chile (33°30' S, 71°30' W). For each assay, we removed a H. helianthus individual (mean diameter 192.3 mm, SD 4.7 mm) from the substrate and touched a randomly chosen prey individual with one of the sunstar arms. Each sunstar was used in a maximum of 3 assays and then returned to the original position. Following the same protocol and to evaluate the specificity of the response, we conducted trials with the smaller seastar Stichaster striatus, which coexist with H. helianthus, but do not prey on juveniles or adults of the selected grazer species. In order to reduce potential confusion in the results, we did not use seastar individuals with evident signs of damage in their arms, tube feet or with signs of being in the spawning stage. We also included a control for mechanical stimulus, consisting of a plastic tube with which we touched the prey. A total of 20 trials for each treatment were conducted using different prey individuals. After trials, we registered the size of prey individuals (maximum shell length).
Based on preliminary observations, we identified 3 distinct sequential stages in the escape response: (1) We used standardized distances so that differences among species, if any, were not a simple consequence of inter-specific differences in body size but reflected species-level traits (see also Espoz & Castilla 2000) . We also compared absolute distances in centimeters. Among-site variability in escape responses. In order to examine variability at sites of coexistence between Heliaster helianthus and its prey, we repeated the same experiments described above for Las Cruces at a site located 400 km to the north, Punta Talca (Fig. 1) . Punta Talca has lower mussel percentage cover and recruitment rates than Las Cruces (Broitman et al. 2001 , Navarrete et al. 2005 (Navarrete & Manzur 2008 , Barahona & Navarrete 2010 . Since the H. helianthus diet at Las Cruces consists mostly of mussels, we considered it to be particularly interesting to evaluate variation in prey responses between these 2 sites, using frequency in the diet of the predator as a proxy for predation risk. Twenty individuals of each prey species were tested following the protocol described above.
To examine variability and potential fixation of the grazers escape response in areas without Heliaster helianthus, we conducted the same assays at Puda, a site located 400 km south of Las Cruces and over 250 km beyond the southern geographic endpoint of H. helianthus (Fig. 1) . At this site, trials were conducted with H. helianthus individuals collected at Las Cruces and transported live in coolers at low temperature. Trials were finished within 2 d of collection and sunstars were returned to the original collecting area at Las Cruces. Before release back to the field, sunstars were used in short field trials with the same study prey species to ensure the sunstars retained the capacity to elicit escape responses. Since the seastar Stichaster striatus did not elicit grazer escape responses (see 'Results'), we did not use them at Punta Talca or Puda. Between 19 and 25 individual prey (replicates) were used depending on species.
Statistical analysis. Since in several cases neither Stichaster striatus nor the mechanical control elicited escape responses of individuals (see 'Results', Fig. 2) , no statistical analysis could be conducted or was necessary to compare the 3 treatments. Considering only assays conducted with Heliaster helianthus, 2 separate sequential analyses were conducted using log-linear modeling, a generalized linear model extension of the traditional contingency tables (Agresti 1996). These analyses determined: (1) whether the frequency of individuals executing the 3 stages of the escape response varied among the 4 grazer species between the sites of Las Cruces and Punta Talca (coexistence sites), and (2) whether the frequency of individuals executing the third and most clear stage of the escape response ('running') in the 4 grazer species varied between the 2 sites of predator-prey coexistence (Punta Talca and Las Cruces) and the site with no predators (Puda). For the latter analysis, and after the detection of no statistical differences between the sites of coexistence (see 'Results'), we pooled the data for Las Cruces and Punta Talca. Note that in this manner, data on frequency of individuals were used more than once. However, because the analyses tested distinct a priori hypotheses, we did not adjust probabilities. In any case, a simple Bonferroni adjustment would not alter our conclusions (see 'Results').
The time taken by individuals to recognize the stimulus and execute the escape response was analyzed with a 2-way factorial ANOVA with 'Species' and 'Site' as fixed factors. All 3 sites were considered in this analysis. Planned orthogonal contrasts were then used to evaluate specific hypotheses of interest (Milliken & Johnson 1984) . The main effect orthogonal contrasts for the factor 'site' tested for: (1) differences in recognition time between the 2 sites of predator-prey coexistence and (2) differences between the 2 coexistence sites and the site of no predator-prey coexistence (Puda). The main effect orthogonal contrasts for the factor 'species' tested for: (1) differences in recognition time between mid-intertidal species (Fissurella crassa and Chiton granosus) and low-intertidal species (F. limbata and Acanthopleura echinata), (2) differ-ences between the 2 keyhole limpet species, and (3) differences between the 2 chiton species. Since the ANOVA showed a significant interaction term, we used orthogonal interaction contrasts to evaluate whether this interaction term was due to variation in recognition time between sites of predator-prey coexistence or between these 2 sites and the site of no coexistence (see examples in Milliken & Johnson 1984) .
The same ANOVA and planned contrasts approach were conducted to evaluate differences in standardized distances traveled by individuals and velocities of displacement.
RESULTS

Specificity of grazer escape responses
In Las Cruces, individuals of the 4 grazer species showed low levels of the recognition response stage to the Stichaster striatus stimulus (Fig. 2) . Only 15% of Fissurella limbata, 10% of Acanthopleura echinata and F. crassa, and none of Chiton granosus displayed the third stage of the escape response (running) to this seastar species. The mechanical stimulus treatment did not elicit any response at all in the grazers, except in 5% of A. echinata, but these few individuals did not proceed into the second, searching stage of the escape response (Fig. 2) . These results contrast sharply with the high percentage of individuals of all species responding to the Heliaster helianthus treatment. The lowest frequency of response to H. helianthus was observed in C. granosus, with 65% of individuals exhibiting the first, recognition stage of the response, while more than 90% of individuals of the other grazer species recognized the H. helianthus stimulus (Fig. 2) . Similar patterns were observed for the second and third stages of the escape response (Fig. 2) , with C. granosus again slightly less responsive than the other species (Table 1) .
Among-site variability in escape responses
There were no differences in the percentage of individuals exhibiting the running stage of the escape response between Las Cruces and Punta Talca, the 2 sites of predator-prey coexistence (Fig. 3, Table 1 ). As Fig. 3) , regardless of observed differences in predator diet. The time taken to recognize the Heliaster helianthus stimulus varied significantly among species, with Chiton granosus exhibiting significantly longer recognition times than all other grazer species, and no differences between the 2 closely related fissurellid species (Fig. 4, Table 2 , contrasts a, b). Significant differences were found between low-and mid-intertidal species (Table 2 , contrast c), but these differences were driven by the slower recognition time of the mid-intertidal species, C. granosus (Fig. 4) . Similar to the frequency of individuals responding to stimulus, the mean time to recognize the stimulus at Punta Talca was not different to that observed at Las Cruces. Thus, among-species differences in predator recognition times were conserved between the 2 sites of predator-prey coexistence, regardless of variation in predation risk (Table 2, 
contrast d).
In contrast, the magnitude of response as measured by distance traveled was not wholly consistent between sites of high and moderate predation risk. Acanthopleura echinata showed the longest escape distances, followed by Fissurella limbata, Chiton granosus and, lastly, F. crassa. These differences are associated with specific differences in body size (see 'Materials and methods'), so we analyzed the distances traveled by individuals standardized by their body sizes. These results showed that the distances traveled at the end of the running response were significantly shorter for F. crassa than for all other species (Fig. 5, Table 3 , con- trast b). Shorter distances traveled were also observed among mid-intertidal species than those at lower intertidal elevations (Table 3 , contrast c), but these differences were driven primarily by F. crassa (Fig. 5) . Traveled distances were generally significantly longer at Punta Talca than Las Cruces (Table 3 , contrast d), and although among-species differences varied slightly between these 2 sites (Fig. 5) , there was no significant Species × Site interaction involving the 2 sites of coexistence (Table 3) . Although generally similar among-species differences were observed in the velocity reached by individuals during the running stage, these differences were not statistically significant, nor did they vary among any of the study sites (2-way ANOVA, p > 0.05 for all comparisons). A very different pattern of escape response was observed when we compared the behavior of grazers at the 2 sites of predator-prey coexistence to that at Puda, the site beyond the geographic range of Heliaster helianthus.
(1) All grazer species at Puda exhibited a decrease in the percentage of individuals recognizing the predator and displaying the running stage of the response (Fig. 3, Table 4) . (2) Among the individuals that did recognize the predator cue, the mean recognition time increased greatly in all 4 species (Fig. 4, Table 2 , contrast e). (3) The magnitude of response was lower at Puda than at Las Cruces and Punta Talca. Prey species traveled significantly shorter distances (Fig. 5 , Table 3 , contrast e), but the magnitude of the effect varied among species (Table 3 , interaction contrasts).
DISCUSSION
In this study, we evaluated the specificity of escape responses of benthic grazers in the field and tested whether responses to predator cues were variable under distinct natural scenarios of predation risk defined by changes in predator diet and predator-prey coexistence. Our results showed that although all 4 grazer species had highly specific responses to their main predator, the sunstar Heliaster helianthus, prey responses between sites with different predator diet were not different, while strong differences were observed between sites of coexistence and the site where the predator is naturally absent. Thus, differences in the local diet of H. helianthus between sites did not produce important changes in escape responses of the focal species in this study, suggesting they cannot perceive or respond effectively to this change in predation risk, or that relatively rare predation events maximize the escape behaviors. Together, our results suggest that the observed escape responses are controlled by a combination of fixed and learned behaviors. Although we did not include a direct evaluation of the adaptive nature of the escape responses, the effectiveness of these responses in reducing predation rates is supported by our field observations and those of other authors (Dayton et al. 1977 , Castilla 1981 , Gaymer & Himmelman 2008 along the coast of Chile. Often we have seen keyhole limpets or the large chiton Acanthopleura echinata abandoning their resting refuges and actively escaping from H. helianthus, which sometimes pursues the prey for over 30 min. Frequently, these chases are unsuccessful and the predator returns to lower intertidal levels.
The increased frequency of responding individuals, lower recognition time and, to some extent, the increased magnitude of response (distance traveled, see below) of all grazer species at sites where prey coexist with the predator suggest that longer contact history with the predator favors greater capacity to display escape responses. Previous studies in fresh water systems have also shown that predator response traits can be plastic and that prey living in the absence of signals by the predator indicating predation risk exhibit a reduced capacity to recognize and respond to attacks (Lima & Dill 1990 , Storfer & Sih 1998 , Kishida et al. 2007 ). Biogeographic and ecological records show that Heliaster helianthus is distributed from the equator to about 33°S (Guiler 1959 , Brattstrom & Johanssen 1983 . Although there is no information about effective dispersal in the mollusk species, the distance (> 250 km) to the experimental site at Puda, and the fact that these species have lecithotrophic larvae with only a moderate dispersal capacity of a few kilometers (Kinlan & Gaines 2003) , makes it unlikely that grazer individuals have dispersed from sites with the predator north of 33°S. The increase in times necessary to react to a predator stimulus at sites where the predator is absent could therefore be the result of prey individuals lacking recent experience of the predator. On the other hand, the significant reduction in the fraction of individuals recognizing H. helianthus as a risk suggests a reduction in selection pressure favoring the display of the escape response in all grazer populations. Yet, an important fraction of the populations of all grazer species was still able to recognize and escape from the predator stimulus, despite the fact that they most likely never had direct experience of H. helianthus. Perhaps the ability to display inducible defense in these grazer species is an ancestral characteristic retained in the populations but modulated by the decreased predation risk. This would suggest that the responses are not that costly.
Except for changes in distance traveled by individuals, which are modulated by topological features of the general seascape (see below) and could also be a consequence of specific differences in body size, we did not find significant differences in escape responses between sites were Heliaster helianthus exhibit different diets and therefore exert different predation pressures on grazers. Analysis of diet and field observations show that H. helianthus consume more mobile prey (limpets, chitons) at Punta Talca than at Las Cruces, where the seastars consume mostly mussels and barnacles (Paine et al. 1985 , Navarrete & Manzur 2008 , Barahona & Navarrete 2010 . This, together with increased movement of H. helianthus at Punta Talca (Barahona & Navarrete 2010) suggests that grazer populations are indeed exposed to higher predation rates by the seastar at this site. While low levels of predation should be sufficient to maintain the escape response, we expected it to change in intensity or frequency at sites where the predator consumes mostly alternative prey. Yet, it appears that none of the grazer species can 'perceive' and/or respond to this apparent change in predation risk. Several laboratory studies have shown that prey can assess and respond to varying predation risks according to whether the predator feeds on alternative prey (e.g. Hagen et al. 2002 , Shin et al. 2009 , Bourdeau 2010 . Our results suggest that under natural conditions of multiple cues and risks, this fine assessment may not be possible or effective in these 4 grazer species. If this fine risk assessment of the plastic response has a genetic basis, gene flow could swamp the local adaptation and homogenize expression of the plastic response across sites of varying predator diets, as experimentally shown by Storfer & Sih (1998) among stream salamander populations. The spatial scale over which mussel beds are absent from the intertidal zone around Punta Talca (hundreds of kilometers, Navarrete et al. 2005) makes it difficult to believe that dispersal could be responsible for the lack of differences in escape responses. Yet, this possibility should be further evaluated with a series of experiments similar to those designed by Storfer & Sih (1998) . Among the variables measured in the present study to assess grazers' escape responses, some are expected to be more conservative, i.e. frequency of individuals recognizing the predator and recognition time, and others more dependent on local environmental and topological conditions, i.e. distance traveled and velocity. Therefore, the observed inter-specific differences in the frequency of individuals that recognize the predator stimulus and their recognition times could be due to: (1) differences in evolutionary histories and structural constraints among species, (2) differences in the ratio of predation risk (due to predator feeding preferences among prey species) to the cost of the response, and/or (3) differences in the effectiveness of the response. In contrast, although inter-specific differences in distances traveled by individuals after a single predator stimulus must have a genetic and learning (experience) component, they are usually highly variable according to local seascape in order to be cost effective. Indeed, many studies have shown that movement rates and displacement distances in marine consumers are highly dependent on topography and other environmental conditions (e.g. Lipcius & Hines 1986 , Almeida et al. 2008 . Further studies are therefore needed to determine the causes of inter-specific differences in escape responses. Our results do suggest, however, that phylogenetic baggage does not play an important role in maintaining these differences.
Our results show that some aspects of prey responses were correlated to the Heliaster helianthus foraging range across tidal elevations. Indeed, fewer individuals of the mid-intertidal species Chiton granosus responded to the predator and the individuals presented the longest recognition times among all the species studied. Secondly, the other mid-intertidal species, Fissurella crassa showed the shortest escape distance of all species. However, a larger number of mid-and lowintertidal species should be tested to separate effects of habitat (tidal level) from species-specific responses.
Understanding the complex relationship between predators and their mobile prey is key not only to the study of predator-prey dynamics and its evolution, but also to the comprehension of the role of nonconsumptive effects in the organization of intertidal communities. Our results show that the expression and magnitude of escape responses can vary across some geographic scenarios of predation risks (coexistence versus isolation), but not others (changes in predator diets). They also illustrate the importance of evaluating these responses under natural conditions and across natural gradients of predation risks occurring along the geographic range of predator-prey distributions. Careful thought must therefore be given to the selection of collecting sites for laboratory experiments and to the interpretation of these results for our understanding of predator-prey relationship under natural conditions. 
